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ABSTRACT 


The  vapor  pressure  of  Zr02  has  been  determined  by  the 
method  of  Knudsen,  between  2014° and  2290°  K.  ZrOj  vaporizes 
undissociated  as  ZrOz  (g),  the  heat  of  vaporization  being  140.  3 ^ 1.5 
kcal/mole.  From  the  vapor  pressure  data  obtained,  the  boiling  point 
was  determined  to  be  3735°K,  and  the  heat  of  dissociation  of  ZrOz(g) 
into  gaseous  atoms  was  found  to  be  D0  = 375  kcal/mole. 
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INTRODUCTION 


No  experimental  determination  of  the  vapor  pressure  of 
zirconium  dioxide  is  reported  in  the  literature,  and  the  question 
concerning  which  gaseous  species  are  present  when  ZrOj,  vaporizes 
is  still  not  settled. 

The  only  available  information  on  the  vapor  pressure  of 
Zr02  is  that  of  Searcy1  who  estimated  a vapor  pressure  of 
1.  5 x 10“7  atm  at  2073  K from  measurements  of  Zintl,  Morawietz, 
and  Gastinger.  “ Mott 5 reported  the  boiling  point  at  4570°K. 

Sta..- odubtsev4  observed  Zr02  in  a mass  spectrograph,  which  indi- 
cates the  existence  of  the  gaseous  Zr02  molecule. 

In  the  present  investigation,  the  Knudsen  effusion  method 
was  used  to  determine  the  pressure  over  pure  Zr02  and  over  a 
mixture  of  Zr02  and  Zr. 

APPARATUS  AND  EXPERIMENTAL  PROCEDURE 

Two  tantalum  Knudsen  cells  were  used,  of  dimensions  1" 
diameter  and  3/4"  high,  with  an  orifice  diameter  of  1/16".  Th' 
area  of  the  orifice  was  corrected  for  thermal  expansion  by  using 
the  thermal  expansion  coefficient  of  tantalum  determined  previously 
in  this  Laboratory.  5 ZrOz  was  introduced  ir.to  one  of  the  cells, 
while  a mixture  of  Zr02  and  Zr  was  introduced  into  the  other.  Both 
cells  were  degassed  for  ' /o  hours  at  2000°  C before  the  runs  were 
made. 

The  samples  were  heated  in  our  metal  cell,  11  and  the  tem- 
perature was  measured  with  a disappearing  filament  optical  pyro- 
meter, calibrated  against  a standard  wolfram  ribbon  lamp.  The 
standard  lamp  had  been  calibrated  by  the  National  Bureau  of 
Standards,  and  in  the  range  of  the  present  investigation,  was  re- 
ported to  have  a maximum  uncertainty  of  5°. 

For  the  small  temperature  fluctuation  during  each  run,  and 
for  evaporation  during  the  initial  heating  and  cooling  periods,  the 
averaging  method6'7  was  used.  To  correct  for  the  thickness  of  the 
effusion  hole  (0.  01"),  all  measured  weight  losses  were  multiplied 
by  the  factor  1 = 1.  1236.  ,9 

0.  69 
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The  Zr02  was  obtained  from  the  Oak  Ridge  National  Labora- 
tories, and  its  hafnium  content  was  less  than  0.  025  °/o*  The  Zr 
was  in  powder  form;  it  was  obtained  from  Charles  Hardy  Inc.  , New 
York,  and  its  Zr  metal  content  was  better  than  99.5^. 

EXPERIMENTAL  RESULTS  AND  DISCUSSION  OF  THE  DATA 


The  experimental  data  for  pure  ZrOz  are  presented  in 
Table  I,  and  those  for  the  stoichiometric  Zr02  + Zr  mixture  are 
given  in  Table  II.  The  data  from  the  two  tables  are  plotted  in 
Figure  1.  The  pressure  was  calculated  from  the  rate  of  effusion 
data,  using  the  equation  p = m V 2 it  RT/M,  where  p is  the  pressure 
in  atmospheres,  R is  the  molar  gas  constant,  T is  the  absolute 
temperature,  m is  the  rate  of  effusion  in  g.  /crriTVsec.  , and  M is 
the  molecular  weight  of  the  vapor.  The  molecular  species  was 
taken  as  Zr02,  according  to  the  following  discussion. 

The  rates  of  evaporation  were  found  to  be  the  same  for  both 
cases,  indicating  that  Zr02  vaporizes  as  Zr02.  If  dissociation 
into  ZrO  and  O occurred,  then  the  pressure  above  the  Zr02  + Zr 
mixture  would  be  much  larger  than  that  above  the  pure  Zr02.  Va- 
porization into  Zr  metal  and  oxygen  is  excluded  because  the  measured 
rates  of  evaporation  are  100  times  larger  than  those  for  zirconium. 
The  dissociation  into  gaseous  oxygen  and  solid  Zr  is  excluded  by 
the  following  facts:  1)  Twice  as  much  material  was  vaporized  from 

each  cell  as  the  amount  of  oxygen  contained  in  the  Zr02  and  in  the 
Zr02  + Zr  mixture,  and  2)  x-ray  patterns  taken  after  the  runs  showed 
only  Zr02  lines  in  material  from  the  Zr02  cell,  and  expanded  Zr 
lines  (saturated  with  oxygen)  in  the  material  from  the  Zr02  r Zr 
cell. 


The  slope  of  the  log  p versus  1 /T  plot,  shown  in  Fig.  1, 
yields  a value  of  140.  3 - 1.  5 kcal/mole  for  the  mean  heat  of  evap- 
oration of  Zr02  over  the  temperature  range  2014  - 2290°  K.  A 
least  squares  fitting  of  th^  data  to  the  Clausius-Clapeyron  equation 
yields  the  expression 


log  p 


3.065  x 104 
T 


+ 8.  528 


By  using  the  value  determined  in  this  Laboratory, 7 for 
the  heat  of  evaporation  of  Zr,  and  the  heat  of  formation  of  solid 


3 


VAPOR  PRESSURE  OF 


VAPOR  PRESSURE  OF  ZrO 


10 


Zr02,  given  by  the  National  Bureau  of  Standards,  0 a value  of 
375  £•  5 kcal/mole  was  obtained  for  the  heat  of  dissociation  of 
gaseous  ZrOz  into  gaseous  atoms  of  Zr  and  O.  From  data  given 


by  the  National  Bureau  of  Standards10  for  the  temperature,  heat, 
and  entropy  of  fusion,  the  boiling  point  of  ZrOz  was  calculated 
to  be  3735°K. 
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